Many pathological effects of gram-negative bacteria are produced by their cell wall-derived lipopolysaccharides (LPSs). Differing pathogenicity of gram-negative LPSs, however, may depend on their capacities to induce cytokines. Thus, we studied the lethal toxicity of four nonenterobacterial LPSs and compared it with their capacity to induce mononuclear cell (MNC)-derived interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor (TNF). Unstimulated MNC did not release these cytokines. LPS from the phototrophic strain Rhodobacter capsulatus 37b4 elaborated little toxicity in galactosamine-treated mice (10 ,ug of LPS per mouse was the 100% lethal dose [LD10o]) and induced IL-1 and IL-6 release only at high concentrations (10 to 50 ,ug of LPS per ml). R. capsulatus LPS failed to induce TNF activity even at the highest concentration tested (100 jig of LPS per ml). In contrast, LPS derived from Pseudomonas diminuta NCTC 8545 or the nodulating species Bradyrhizobium lupini DSM 30140 and Rhizobium meliloti 10406 expressed lethal toxicity (LD100, 1,000, 100, and 10 ng per mouse, respectively) and induced IL-1 or IL-6 (10 to 100, 10, and 1 ng of LPS per ml, respectively) at concentrations 1,000-to 10,000-fold lower than effective levels of R. capsulatus LPS. LPSs from P. diminuta, B. lupini, and R. meliloti also stimulated TNF production and release. MNC accumulated cell-associated IL-1 activities under circumstances in which released activity was readily detected. The cells contained only scant IL-6 activity, indicating release of this mediator rather than intracellular accumulation. Antisera to the respective cytokines inactivated biological activities of the samples selectively. The R. capsulatus LPS inhibited cytokine induction by LPS from P. diminuta, B. lupini, and R. meliloti in coincubation experiments. These results show that the in vivo lethality of the LPSs tested correlates with the induction of monocyte-derived cytokines in vitro. The results of this study suggest that the different lethality of various LPSs from gram-negative bacteria may be due to the differential ability of these LPSs to induce cytokine production.
Lipopolysaccharides (LPSs) are important membrane components of gram-negative bacteria (60) . They are also known as endotoxins, referring to their in vivo toxic effects without specifying the chemical structure. During bacterial infection, LPSs can induce host responses, such as fever, hypotension, circulatory abnormalities, multiorgan failure, and eventually death. Many of these responses, previously attributed to direct effects of activation with LPS, are probably mediated by cytokines derived from mononuclear phagocytes acting in part on vascular cells (29, 40) . Two of these proteins, tumor necrosis factor (TNF) (5, 27, 43) and interleukin-1 (IL-1) (11, 44) , are found in serum following LPS injection (9, 36, 39, 50, 53) . Both are pyrogenic (12, 41) and might also be involved in generation of the acute-phase response (47, 48) . Individual cytokines may preferentially mediate different aspects of LPS effects. For example, TNF might mediate lethality (15, 16, 55) or tissue injury (5) , whereas IL-1 may activate lymphocytes (11, 13) . Anti-IL-1-and anti-TNF antisera inhibited certain effects of LPS or the respective cytokine in experimental animals (6, 12, 36) . LPS is also proposed to induce late acute-phase reactants like C-reactive protein or fibrinogen via early acute-phase reac- Detection of LPS toxicity in galactosamine-treated mice. Lethal toxicity was determined in galactosamine-sensitized mice (C57BLt6) as described previously (17, 52 (20) . The data are usually presented as picograms of recombinant cytokine per milliliter. In some experiments, however, the thymidine incorporation of B9 or D1OS cells (dpm per culture ± SD) is shown.
IL-1 was detected in the human dermal fibroblast assay as described previously (32, 51) . This cytokine was also determined with the murine cell line D1OS (45) , kindly provided by C. A. Dinarello. IL-6 was measured by proliferation of murine B9 hybridoma cells, kindly provided by L. A. Aarden (1, 2) . TNF was detected with the murine tumorigenic fibroblast line L929 by staining with crystal violet (14) .
Detergent-polyacrylamide electrophoresis. We investigated the individual chemical character of the oligosaccharide portion (smooth, semirough, or rough) of the various LPSs by their electrophoretic migration pattern in deoxycholatepolyacrylamide gel electrophoresis (DOC-PAGE) (26 (10 or .50 ,ug/ml) and did not induce TNF under these experimental conditions (see also Table 4 ). The other LPSs, however, induced IL-1 and IL-6 even at low concentrations (1 to 100 ng/ml). The latter LPSs also stimulated TNF production, but at higher LPS concentrations (0.1 to 10 ,ug of LPS per ml) than were active for IL-1 or IL-6 induction. In previous studies we showed that (depending on the blood donor) 1 to 100 pg of various LPSs per ml and 10 to 10,000 pg of synthetic lipid A's per ml induced IL-1 (30 are inhibited by corresponding antisera. To verify the identity of the cytokines measured in the biological assays, we examined the ability of specific anticytokine antisera to neutralize these activities. A mixture of recombinant IL-lat and IL-lp antibodies (1:500 dilution each) inhibited the D1OS stimulatory activity completely (Fig. 1) . Note that in this particular experiment, 100 jig (*CAPS) of R. capsulatus LPS per ml was necessary to induce IL-1 activity rather than the 50 jig/ml used for the other stimuli (Fig. 1) . The antirecombinant IL-6 antibody inhibited B9 stimulatory activity (Fig. 2) . Since the R. capsulatus LPS did not induce IL-6 at the concentration tested (10 ,ug/ml), an additional sample (100 ,ug/ml; *CAPS) and lower assay dilution was used in the experiment depicted in Fig. 2 Table 5 ). The nontoxic LPS did not alter induction of cytokines by the gram-positive S. epidermidis, indicating the specificity of the inhibition.
Structure-function relationship of the tested LPSs. LPS consists of two structural regions, the lipid moiety, described in Table 1 , and the sugar part (0-chains and R-core). We performed DOC-PAGE to analyze the individual migration patterns of the LPSs. The LPSs showed different patterns (Fig. 3) DISCUSSION The importance of LPS as an inducer of cytokines that mediate certain systemic responses to bacterial infections is increasingly apparent. However, little is known about the correlation of cytokine induction capacity and lethal toxicity of nonenterobacterial LPSs. The present report compares these important biological functions and shows that nontoxic R. capsulatus LPS is 1,000-or 10,000-fold less potent as an inducer of MNC-derived cytokines than the other LPSs investigated here. Furthermore, the R. capsulatus LPS reduced or abolished cytokine induction following stimulation of MNC with the other LPSs. The overall structure of the lipid A backbone, the number and type of fatty acids, their position, and complete phosphorylation all appear to be important for the expression of biological activities.
LPSs of several Rhizobiaceae, including B. lupini and R. meliloti, as well as P. diminuta LPS induced all cytokines tested. The lowest concentration (minimal dose) still active for IL-1 and IL-6 induction was 1 ng/ml for R. meliloti LPS, 10 ng/ml for B. lupini LPS, and 10 to 100 ng/ml for P. diminuta LPS. The most active TNF inducer was B. lupini LPS (100 ng/ml), followed by R. meliloti LPS (10 ,ug/ml) and P. diminuta LPS (50 jig/ml). Thus, the rank order of these LPSs for IL-1 and IL-6 induction differed from that for TNF induction, although all three LPSs induced IL-1, IL-6, and TNF production. In contrast, nontoxic R. capsulatus LPS VOL. 58, 1990 on October induced IL-1 or IL-6 activity only poorly and did not elaborate TNF activity (up to 100 ,ug/ml). A recent report showed that TNF is the endogenous mediator of the lethal effects of LPS in galactosamine-sensitized mice (16 (42) , an indication that these two mediators act synergistically (7, 42 
